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Abstract 9 
 10 
Raman spectra of antimonate mineral brizziite NaSbO3 were studied and related to the 11 
structure of the mineral. Two sharp bands at 617 and 660 cm-1 are attributed to the 12 
SbO3- symmetric stretching mode.  The reason for two symmetric stretching 13 
vibrations depends upon the bonding of the SbO3- units. The band at 617 cm-1 is 14 
assigned to bonding through the Sb and the 660 cm-1 to bonding through the oxygen.   15 
The low intensity band at 508 cm-1 is ascribed to the SbO antisymmetric stretching 16 
vibration. Low intensity bands were found at 503, 526 and 578 cm-1.  Sharp Raman 17 
bands observed at 204, 230, 307 and 315 cm-1are assigned to OSbO bending modes. 18 
Raman spectroscopy enables a better understanding of the molecular structure of the 19 
mineral brizziite. 20 
 21 
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 24 
Introduction 25 
 26 
There is a number of naturally occurring antimonate minerals which are 27 
known.  The mineral brizziite, sodium antimonate mineral, NaSbO3 is formed during 28 
weathering of stibnite and is found in the Cetine mine, approximately 20 km SW of 29 
Sienna, Tuscany, Italy (1, 2).  The mineral occurs as dense aggregates of platy 30 
hexagonal crystals.  The antimonate minerals of formula MSbO3 and MSb2O6 such as 31 
NaSbO3 and KSbO3 have an ilmenite structure. The unit cell of brizziite is 32 
rhombohedral (hexagonal).  Factor group analysis for the ilmenite structure shows 27 33 
optical modes consisting of the Raman active modes 5Ag +5Eg and infrared modes 34 
4Au +4Eu.  Farmer reported the infrared spectra of some synthetic antimonite minerals 35 
(see page 413 and 414 with Tables 17. XVIII and XIX) (3).    Siebert researched the 36 
infrared spectra of selected synthetic antimonates (4, 5). Siebert assigned bands in the 37 
528 to 775 cm-1 region to the stretching vibrations of SbO units; in the 1030 to 1120 38 
cm-1 to the deformation modes of SbOH units and in the 3220 to 3400 cm-1 to the 39 
stretching bands of SbOH and water units. For the synthetic compound NaSb(OH)6 40 
which is a compound with an octahedral structure, infrared bands were observed at 41 
600 and 628 cm-1 (very intense), 735, 775 cm-1 (medium intensity), and 528 and 586 42 
cm-1. 43 
 44 
 It is interesting to note that only very few papers have been published on the 45 
spectroscopy of antimonate minerals. What research has been published is related to 46 
the analysis of pigments (6-8).  Some spectroscopic studies of calcium and lead 47 
antimonates has been forthcoming (9-11).  Very few studies of related minerals such 48 
as mineral antimonates have not been undertaken (12-14).    Raman spectroscopy has 49 
proven especially  useful for the study of related minerals (15-23).  As part of a 50 
comprehensive study of the molecular structure of secondary minerals containing 51 
oxy-anions (24-34), formed in the oxide zone, using IR and Raman spectroscopy, we 52 
report the Raman properties of the antimonate mineral brizziite.  The spectra are 53 
related to the mineral structure. 54 
 55 
Experimental 56 
 57 
Mineral 58 
 59 
 The mineral brizziite was sourced from Le Cetine di Cotorniano, Chiusdino, 60 
Siena Province, Tuscany, Italy.  The mineral analysed as NaSbO3 (35). The mineral 61 
was obtained on loan from Museum South Australia. 62 
 63 
Raman spectroscopy 64 
 65 
The crystals of brizziite were placed and oriented on the stage of an Olympus 66 
BHSM microscope, equipped with 10x and 50x objectives and part of a Renishaw 67 
1000 Raman microscope system, which also includes a monochromator, a filter 68 
system and a Charge Coupled Device (CCD). Further details have been published  69 
(15-23).   70 
Results and discussion 71 
 72 
The pyramidal antimonite anion (SbO3)2-  may bond to a metal as a unidentate, 73 
bidentate or even as a bridging ligand (36).  Bonding may occur through either the 74 
oxygen or the sulphur of the sulphite anion. If the latter occurs then the C3v symmetry 75 
of the sulphite ion will be preserved. If coordination is through the oxygen, the 76 
symmetry of the anion will be reduced to Cs.  In this case the doubly degenerate 77 
vibrations of the free ion will split into two bands. According to Nakamoto, bonding 78 
through the antimony will shift the SbO stretching bands to higher wavenumbers 79 
whilst bonding through the oxygen will shift the bands to lower wavenumbers (36).   80 
 81 
 The Raman spectrum of brizziite NaSbO3 is displayed in Figure 1.  Raman 82 
bands are observed at 158, 230, 307, 315, 508, 617 and 660 cm-1.  According to 83 
Siebert (4) infrared bands for synthetic sodium antimonate NaSbO3 were observed at 84 
527, 579, 637 and 675 cm-1 and for synthetic KSbO3 infrared bands were found at 85 
420, 476, 510, 555, 646, 753 cm-1.  A comparison of the Raman and published 86 
infrared data of synthetic antimonate minerals with an ilmenite structure are reported 87 
in Table 1.  The scale expansion of the intensity axis magnifies the low intensity 88 
bands in the spectrum of brizziite (Figure 2).    89 
 90 
 The intense band at 660 cm-1 is attributed to the SbO3- ν1 symmetric stretching 91 
mode. The additional sharp band at 617 cm-1 is also assigned to this vibrational mode.  92 
Low intensity infrared bands in similar positions are observed for synthetic NaSbO3, 93 
bystromite and ordensite.  This latter band is assigned to the antimonite anion bonding 94 
through the oxygen. The second sharp band at 617 cm-1 is assigned to the antimonite 95 
anion bonding through the antimony atom.  In the Raman spectrum of brandholzite an 96 
intense band at 618 cm-1 attributed to the Sb(OH)62+ stretching vibration. The complex 97 
band at 508 cm-1 for brizziite is ascribed to the SbO3- ν3 antisymmetric stretching 98 
vibration.  Sharp Raman bands are observed at 204, 230, 307 and 315 cm-1.  One 99 
likely assignment of these bands is to OSbO bending modes. Such an assessment fits 100 
well with the assignment of bands for MSbO4 structures as reported by Farmer (3).  101 
For the mineral brandholzite, Raman bands ascribed to OSbO bending modes are 102 
found at 318 and 340 cm-1.  The observation of multiple bending bands suggests the 103 
non-equivalence of SbO3 units in the brizziite structure.  104 
 105 
Conclusions 106 
 107 
 The antimonite mineral brizziite NaSbO3 has been analysed by Raman 108 
spectroscopy.  Sharp Raman bands at 660 and 617 cm-1 are assigned to the (SbO3)- 109 
symmetric stretching vibrations depending on whether bonding occurs through the Sb 110 
or O atoms.  111 
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NaSbO3 
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NaSbO3 
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MgSb2O6 
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ZnSbO3 
(37) 
Mg[Sb(OH)6].6H2O 
[this work] 
Brizziite Synthetic Synthetic Bystromite Ordenezite Brandholzite 
Raman 
/cm-1 
Infrared 
/cm-1 
Infrared 
/cm-1 
Infrared 
/cm-1 
Infrared 
/cm-1 
Raman 
/cm-1 
749  733 785 794 730 
660 675  681 680 630 
617 637 646 637 629 618 
 579  604 585 578 
508 527 555 563 530 526 
  510 513  503 
315  476  493  
307  420   340 
230     318 
158     303 
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